Propose. The purpose of this study was to compare the accuracy of visceral fat area (VFA) and body mass index (BMI) in predicting the risk of laparoscopic-assisted gastrectomy. Methods. Clinicopathological and imaging data of 133 patients who underwent laparoscopy-assisted gastrectomy were recorded, including 17 cases of conversion to open surgery. The remaining 116 patients were retrospectively analyzed after we excluded 17 patients who had been transferred to laparotomy. The patients were divided into two groups according to BMI (≤25 kg/m 2 : BMI-L group; >25 kg/m 2 : BMI-H group) and VFA (≤100 cm 2 : VFA-L group; >100 cm 2 : VFA-H group). Clinical outcomes were compared between the BMI and VFA subgroups. Results. There were no differences in intraoperative blood loss and the number of harvested lymph nodes between low and high patients defined by BMI and VFA (p > 0 050). However, in the comparison of patients who underwent laparoscopic resection only, it was found that the operation time and intraoperative blood loss of the VFA-H group were more than those of the VFA-L group (p < 0 050). Compared to the VFA-L group, the VFA-H group had later first exhaust time (p = 0 018), more complications (p < 0 001), and longer hospital stays (p = 0 049). However, no similar conclusion was obtained in the BMI group (p > 0 050). Conclusion. This study demonstrates that VFA better evaluates the difficulty of laparoscopy-assisted gastrectomy and the risk of postoperative complications than BMI.
Introduction
With the extensive application of laparoscopy-assisted gastrectomy in patients with gastric carcinoma, research on the influencing factors of laparoscopy-assisted gastrectomy for gastric cancer has become increasingly widespread. Research has shown that obesity is one of the most important factors that interfere with laparoscopic surgery. Obesity can significantly increase the incidence of postoperative complications of laparoscopy-assisted gastrectomy in patients with gastric carcinoma and reduce the thoroughness of abdominal lymph node dissection; some surgeons do not recommend that obese patients undergo laparoscopic surgery [1] [2] [3] [4] . Nevertheless, other studies have shown that when obese and nonobese patients were compared after laparoscopy-assisted gastrectomy for gastric carcinoma, there were no differences in operation times or in the incidence of conversion to open surgery and postoperative complications, and the postoperative hospital stays for obese patients were similar or even shorter than those for nonobese patients [4, 5] . Consequentially, it is valuable to explore the influence of obesity on laparoscopic gastrectomy in patients with gastric carcinoma. BMI has been widely used clinically as a measure of the degree of obesity in patients with indicators, but owing to age, gender, and other factors, there was a big difference between the distributions of fat in individuals; therefore, BMI may not accurately reflect the extent of visceral fat accumulation in patients [6] [7] [8] [9] [10] . This study found that visceral fat areas from a single scan obtained at the level of the umbilicus (the approximate level of L4 and L5) by CT can reflect the objective index of the upper abdomen as well as the lower abdominal fat reserves [11] . VFA is closely related to the total volume of visceral fat, which can be used as an evaluation index of obesity and to determine the extent of operation difficulty and the incidence of postoperative complications of open surgery [5] . Accordingly, this study was a retrospective analysis to compare the accuracy of visceral fat area (VFA) and body mass index (BMI) in evaluating the prediction of the risk of laparoscopic-assisted gastrectomy for gastric cancer.
Materials and Methods

Research
Object. This investigation was a single-center study of 133 patients with gastric cancer who underwent laparoscopic-assisted gastrectomy between May 2011 and July 2014 at the Affiliated Hospital of Qingdao University. The remaining 116 patients were retrospectively analyzed after we excluded 17 patients who had been transferred to laparotomy. Preoperative gastroscopy and postoperative pathological examination of patients confirmed gastric cancer. No history of abdominal operation was recorded in those patients, and none were admitted to hospital 30 days after discharge. All the patients underwent multislice spiral CT (Discovery CT750, GE Healthcare, Chicago, IL, USA) scanning after preoperative fasting for 8 hours, and all of the images were transmitted to the central data system. The patients' clinicopathological and imaging data were retrospectively analyzed.
Grouping Method and Estimation of BMI and VFA.
All the patients were classified as obese or nonobese using both VFA and BMI criteria. BMI was calculated by weight divided by the square of the height of the body, and obese patients were defined as those with BMI > 25 kg/m 2 (BMI-H). The remainder was classified as nonobese (BMI-L) in accordance with the criteria of the Japan Society for the Study of Obesity [10] [11] [12] . According to the results of other studies, we defined the visceral fat area greater than 100 cm 2 as VFA-H and the remainder as VFA-L. [13] The patients were divided into two groups according to their BMI, a high BMI group (BMI > 25 kg/m 2 , n = 46) and a low BMI group (BMI ≤ 25 kg/m 2 , n = 70). The patients were also divided by VFA into two groups, a high VFA group (VFA > 100 cm 2 , n = 58) and a low VFA group (VFA < 100 cm 2 , n = 58). Histogram software was used to convert the horizontal axial image of the umbilical region to the irregular image rendering of the specified CT number, while determining the area of a specific region was defined as VFA [14] [15] [16] . The operation is shown in Figure 1. 2.3. Observation Measures. All intraoperative-and postoperative-related indexes of the patients were compared between the BMI and VFA subgroups for both of the definitions. The intraoperative-related indexes included the operation time, the incidence of conversion to open surgery, intraoperative blood loss, and the number of dissected lymph nodes. The postoperative correlation indexes included complications, first exhaust time, and the length of hospital stay.
Surgical Procedures.
The surgical group consisted of an operator, a first assistant surgeon, and one endoscopist. The operating surgeon independently completed 60 cases of laparoscopic-assisted gastrectomy of gastric cancer each year and directed the procedures. The operative procedures included laparoscopic-assisted total and distal gastrectomy, proximal gastrectomy, and gastrojejunostomy. Postoperative routine nutritional support and gastrointestinal surgery medications were also assessed.
2.5. Statistical Analysis. All the statistical data were analyzed using SPSS 17.0 software. The count data in the two groups were compared using the χ 2 test or Fisher's exact probability test and composition ratio representation for the count data. The Mann-Whitney U test and χ 2 test were used to compare the measurement data in the two groups, which were expressed as mean ± standard deviation (mean ± SD). Finally, p < 0 050 was considered statistically significant.
Results
3.1. Distribution of VFA and BMI. There were 70 (60.34%) cases in the BMI-L group, 46 (39.66%) cases in the BMI-H group, 58 (50.00%) cases in the VFA-H group, and 58 (50.00%) cases in the VFA-L group. There were 19 cases in the VFA-H group, and 7 BMI-H patients were VFA-L. BMI and VFA were used to identify the differences between obesity and nonobesity. This means that, according to BMI, the obese patients were not necessarily those with visceral obesity. Figure 2 shows the patients with similar BMI but with visceral fat and subcutaneous fat. Tables 1 and 2 . There was no significant difference in gender, operation mode, and location of the tumor between the BMI and VFA subgroups, respectively (p > 0 050). The two groups had statistically significant differences in age. This may be associated with increasing age at the time of abdominal adipose tissue accumulation. Because most of the patients with gastric cancer had reached the middle and late stages of treatment, the tumors were mostly low differentiated adenocarcinoma, so this study did not carry out a detailed analysis.
Intraoperative Outcomes Compared between the Two
Groups. The VFA-H subgroup tended to have greater intraoperative blood loss, although the relationship was not statistically significant. The BMI-H subgroup presented the same phenomenon. There was no statistical significance between the two groups regarding the number of harvested lymph nodes (p > 0 050). However, in the comparison of patients who underwent laparoscopic resection only, it was found that the operation time was more than that of the VFA-L group (p < 0 050). No similar results were found in the BMI group (p = 0 299), as shown in Tables 3 and 4. 3.4. Postoperative Outcomes Compared between the Two Groups. The incidences of postoperative complications of the VFA-H group were significantly higher than those of the VFA-L group (31.03% and 5.17%, respectively; p < 0 001). The incidence of diarrhea obviously increased (p = 0 027). In our ward, there was a low correlation between prophylactic antibiotics and bowel movement, and there was no statistical significance ( r < 0.4, p > 0 050), as shown in Table 5 . Compared to the VFA-L group, the VFA-H group had longer postoperative hospital stay (12.78 ± 11.18 and 9.28 ± 4.19, respectively; p = 0 027), and later first exhaust time (88.13 ± 14.04 and 81.82 ± 16.25, respectively; p = 0 018), but these differences were not seen in BMI (p > 0 050), as shown in Tables 6 and 7 .
Discussion
BMI and VFA are indicators of obesity. However, BMI may not accurately reflect the intra-abdominal fat area because it is calculated by the weight divided by the square of the height of the body, but VFA may reflect the fat volume in the upper abdomen as well as in the lower abdomen. Elevated VFA can increase the difficulty of laparoscopic-assisted gastrectomy, increasing the risks of postoperative complications and prolonging postoperative recovery. A large accumulation of visceral adipose tissue is very easy to destroy and leads to a poor visual operative field. Adipose tissue easily bleeds when it is stripped and thus makes surgery more difficult [17] . When the sixth, seventh, eighth, ninth, and eleventh groups of lymph nodes were dissected from the upper and lower margins of the pancreas by stripping its adipose tissue during surgery particularly, it increased the chances of bleeding and pancreatic trauma [8] . In 17 cases of conversion to open surgery, the number of cases of the VFA-H group was significantly higher than that of the VFA-L group, but no similar conclusion was obtained in the BMI group, suggesting that VFA may increase the difficulty of laparoscopic surgery [18] . The literature has reported that the accumulation of visceral adipose tissue easily causes an increase of blood loss during surgery, which affects the safety of the operation. Although the VFA-H and BMI-H subgroups tended to have greater intraoperative blood loss, this study did not find a significant increase in intraoperative bleeding in patients in the VFA-H and BMI-H subgroups. However, through statistical analysis of patients undergoing only laparoscopic surgery, we found that the VFA-H group required longer operation time than the VFA-L group. Visceral fat area increases the difficulty of laparoscopic surgery. The results indicated that there was no difference between the two groups in the number of removed lymphatic nodes, but the average number of lymph node dissections in the two groups exceeded 25. This may be due to the amplification effect of the laparoscopic procedure and surgery by the same group of experienced surgeons, thus avoiding the effects of obesity on the operation. These results suggest that the evaluation of the difficulty of laparoscopic-assisted gastrectomy and the risk of postoperative complications with VFA was more accurate than that of BMI. The VFA-H group compared to the VFA-L group had a greater proportion of overweight, higher postoperative complication rates, and more incidences of diarrhea. However, no similar results were found in the BMI group. Postoperative diarrhea may be related to postoperative fasting and a liquid diet, leading to the slow recovery of gastrointestinal function and antibiotic application caused by intestinal bacterial colony disorder. However, we found no correlation between prophylactic antibiotics and bowel movement by statistical analysis of data from our wards. There are few reports on the relationship between visceral fat accumulation and postoperative diarrhea. In addition, patients in the VFA-H group had longer hospital stays and later first exhaust time, which indicated that the increased VFA would delay the postoperative recovery of patients. Although postoperative complications were not significantly different in the BMI subgroup, the rate of incision infection in the BMI-H group was significantly higher than that in the BMI-L group. This may be due to the fact that subcutaneous adipose tissue is prone to liquefaction leading to wound infection.
In summary, the evaluation of the difficulty of laparoscopic-assisted gastrectomy and the risk of postoperative complications with VFA was more accurate than that of BMI. Increased VFA is a negative factor for laparoscopicassisted gastrectomy. It increases the difficulty of laparoscopic surgery and the risk of postoperative complications and slows the postoperative recovery of patients.
Disclosure
Yongke Liu and Dong Guo are the co-first authors.
